BACKGROUND {#sec1-1}
==========

*Nocardia* spp. are aerobic, Gram-positive, modified acid fast, non-motile, non-spore - forming,\[[@ref1][@ref2]\] catalase and urease positive bacteria that belong to *Actinomycetes* group.\[[@ref3]\] These bacteria are filamentous branched cells which fragmented into pleomorphic rod-shaped or coccoid elements and classified as *Nocardiaceae* family.\[[@ref4]\] Soil is one of the best reservoir for keeping *Nocardia*. *Nocardia* species are determined by a number of chemical markers, entailing the presence of meso-diaminopimelic acid, arabinose and galactose, mycolic acids and deoxyribonucleic acid (DNA) G+C containing 64-72%.\[[@ref5]\] However, these organisms are found in environments such as air, water, plants and rotten materials. *Nocardia* may be found in dry, dusty and often windy situations in that areas facilitate the aerosolization and scattering of fragmented nocardial cells and increase their acquisition through the respiratory path. Fewer infections are due to traumatic inoculation of organisms percutaneously.\[[@ref6]\] *Nocardia* species are associated with opportunistic infections in human and animals that might become fatal. These bacteria are important in immune deficient patients such as cancer patients, transplant recipients, tuberculosis; acquired immunodeficiency syndrome etc., Their affluence is unsteady in different zones of the world.\[[@ref1][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] Nocardiosis is sporadic in Iran, but in other countries, it has more rampancy. In USA, 500-1000 new case of nocardiosis had annually been reported.\[[@ref1]\] *Nocardia* organisms found in different zones and situations like tropical and semi-tropical climates depending upon soil\'s temperature, pH and these effects on the abundance of these microorganisms in soil.\[[@ref1]\] Until 2010, the National Center for Biotechnology Information itemizes 86 acknowledged species.\[[@ref13]\] Until 2012, the list of prokaryotic names with standing in nomenclature itemizes 99 confirmed species. In this study, several phenotypic and DNA extraction techniques for isolation and identification of these bacteria from different environment have been compared. Three phenotypic methods in this study were perused: (1) Paraffin baiting technique, (2) paraffin coated slides and (3) slip-buried method. As well as three DNA extraction techniques were tested: (1) Genomic DNA purification kit (Fermentas), (2) cetyltrimethylammonium bromide (CTAB) method and (3) microwave oven.\[[@ref17]\]

MATERIALS AND METHODS {#sec1-2}
=====================

A total 70 soil samples were collected from five different locations in Isfahan\'s suburb hospital areas, parks, agricultural lands, gardens and arid lands at different months of year. 50 g of soil samples were collected from 3 cm to 5 cm depth.\[[@ref7]\] The samples were transported to laboratory in sterile tubes. Soil samples were suspended 1:5 in deionized water\[[@ref1]\] and the pH were measured by pH meter or pH-indicator strips for 1-30 s (maximum 10 min). To determine the temperature, alcoholic thermometer was used. All samples were stored at low temperature (4°C) until tested.\[[@ref1]\] In this study, three phenotypic methods were compared for isolation of *Nocardia*: (1) Paraffin baiting method,\[[@ref8][@ref9][@ref18]\] (2) paraffin coated slides\[[@ref12]\] and (3) slip-buried method.\[[@ref1][@ref7]\]

 {#sec2-1}

### Paraffin baiting technique {#sec3-1}

Ten gram soil sample was added to 15 ml carbon free broth (containing NaNO~3:~ 2 g, K~2~HPO~4~: 0.8 g, MgSO~4~.7H~2~O: 0.5 g, FeCL~3:~ 10 mg, MnCl~2~.4H~2~O: 8 mg, ZnSO~4~: 2 mg, distilled water: 1000 ml; pH: 7.0) and mixed thoroughly. The mixture was pre-heated at 55°C for 6 min in water bath to remove some of the non-actinomycetic soil bacteria. The supernatant were transferred in equal volumes into two tubes. A paraffin waxed glass rod was soaked in each tube and its volume was made up to 10 ml by adding carbon-free broth. One tube was incubated at 35°C and others at 42°C for 3 weeks. *Nocardia* colonies were appeared white creamy to pinkish-orange. Then, the colonies were streaked on brain-heart infusion (BHI)-blood agar\[[@ref8]\] or sabouraud dextrose agar (SDA) with cycloheximide (50 μg/ml) with or without chloramphenicol (50 μg/ml). The colonies were stained for Gram-positive and partial acid-fast characteristics. Afterward the colonies were streaked on BHI-blood agar or SDA with cycloheximide (50 μg/ml) with or without chloramphenicol (50 μg/ml). Identification was preceded by isolation of colonies.\[[@ref8][@ref9][@ref18]\]

### Paraffin coated slides {#sec3-2}

slides were coated with melted paraffin and 1 M NH~4~ Cl. Immediately, the slides put under the soil, for 1 day. Slides were incubated for 3-7 days in 37 and incubation was continued for 3 weeks. Then, the colonies were streaked on SDA medium with cycloheximide (50 μg/ml).\[[@ref12]\]

### Slip-buried method {#sec3-3}

Soil, 3-5 g, was added to 10 ml normal saline. Tubes were shaken for 3 min and the suspensions were incubated for 15 min in room temperature. Supernatant solution, 3-5 ml was transferred to another sterile tube by sterile pipette. The streptomycin/chloramphenicol solution (half of the total volume) was added to the supernatant. The mixture was incubated for ½ h. One drop (0.05 ml) of each sample was cultured on BHI agar with 5% human blood\[[@ref8]\] medium and checked for hemolysis. Cycloheximide (0.5 g/l) and kanamycin (25 mg/l) was added to the tube or plate immediately. They were shacked and were incubated at 37°C for 2 weeks.\[[@ref1]\]

DNA extraction techniques {#sec2-2}
-------------------------

In this study, three DNA extraction methods were tested: (1) Genomic DNA purification kit (Fermentas), (2) CTAB method\[[@ref19]\] and (3) microwave oven.\[[@ref17]\] All methods were tested with *Nocardia asteroides* DSM is German Collection of Microorganisms and Cell Cultures and DSM number is like ATCC number (DSM) 43757-type strain as standard. First method was performed based on kit instructions. In CTAB method,\[[@ref19]\] suspensions were first heated at 80°C for 20 min, then incubated with lysozyme (10 mg lysozyme + 5.5 ml Tris-EDTA buffer) at 37°C for 1 h and finally treated with sodium dodecyl sulfate-proteinase K (10% SDS 700 μl + proteinase K 60 μl) at 65°C for 10 min. Afterward the CTAB-NaCl solution (80 μl) was added and the tube was incubated in at 65°C for 10 min. DNA purification and precipitation using chloroform - isoamylalcohol - isopropanol (chloroform - isoamylalcohol 700 μl + isopropanol 450 μl) extraction. In microwave method, based on studies Salgado *et al*., the suspension was made with a single bacterial colony in 20 μl of deionized water subjected to 800 W microwave oven for 10, 15 and 20 s at different potencies: 80, 160, 240, 320, 400, 560, 720 and 800 W. An electrophoresis in agarose 1% was applied to survey the presence and quality of the extracted DNA. In present study, the suspension was made with single bacterial colony in 70 μl of deionized water then suspensions were treated in a microwave oven for 10, 13, 20 s at 360 and 540 W after that some of the suspensions were put −20°C.

RESULTS {#sec1-3}
=======

First and second phenotypic methods\[[@ref12]\] were surveyed on soil samples, but no results were attained. Therefore, third method of phenotypic was tested. Utilizing the third technique, 14 out of 70 soil samples (20%) were positive for *Nocardia* spp. Hence, the best result in this study was slip-buried-method. Therefore, according to above results, phenotypic methods, paraffin baiting and paraffin coated slides were not satisfactory and slip-buried method was appropriate; hence, it used in latter steps from third method. After culture on BHI and SDA mediums with antibiotics by third method, the mediums kept for 2 weeks incubation at 37°C. After this time, colonies were observed to form chalky \[[Figure 1](#F1){ref-type="fig"}\] and wrinkled \[[Figure 2](#F2){ref-type="fig"}\]. The colonies stained with Kinyoun carbolfuchsin for microscopic observation.\[[@ref10]\] With seeing of these colonies to color of red, orange, yellow and white to cream, within this period\[[@ref1][@ref7]\] and observation of partially acid-fast organisms to color reddish to purple filaments \[[Figure 3](#F3){ref-type="fig"}\], we can suspicious to *Nocardia* and other *Actinomycetes* colonies.

![Chalky colonies of *Nocardia*](ABR-3-151-g001){#F1}

![Wrinkled colonies of *Nocardia*](ABR-3-151-g002){#F2}

![Partially acid-fast *Nocardia* organisms show reddish to purple filaments](ABR-3-151-g003){#F3}

In association with DNA extraction techniques, the first technique of DNA extraction had no band and the second technique had pale band on 1% agarose gel; both techniques were time-consuming. Therefore, we decided to use third method for DNA extraction of all isolates \[[Figure 4](#F4){ref-type="fig"}\] (microwave oven).\[[@ref17]\] In this study, four and one *Nocardia* isolates were isolated from soil samples of different areas on January/April/December and May/February, respectively. Unfortunately, no survey was performed in the summer. More of these bacteria were isolated from places, which shadow exist, semi-desert climate to colder areas and dry regions.\[[@ref1][@ref20]\] The temperature of soil samples were between 12°C and 16°C. The pH of soil samples were between 6.5 and 8 \[[Table 1](#T1){ref-type="table"}\].

![Deoxyribonucleic acid extraction using the microwave oven technique (540 W at 13 s)](ABR-3-151-g004){#F4}
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Isolation of Nocardia spp. according to the types of place of positive sampling, date of sampling, soil pH, soil temperature
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DISCUSSION {#sec1-4}
==========

In the present study as mentioned, three techniques surveyed for isolation of *Nocardia*, in spite of the some disadvantages below mentioned, results showed that the third technique (slip-buried-method) was better than other techniques.\[[@ref1][@ref7]\] In some of the studies, MCclung method had acceptable result.\[[@ref8][@ref9]\] In third technique, BHI agar medium including two antibiotics (kanamycine and cycloheximide) were used and it showed that the growth of *Nocardia* and *Actinomadura* were provoked by kanamycin in most instances in positive samples.\[[@ref1]\] In this study, *Nocardia* frequency in soil was 20%. Prevalence of *Nocardia* in various regions of the world is different and it has been reported to be 5-50%.\[[@ref21][@ref22][@ref23]\] Furthermore, results have been found in Qazvin, Iran by Aghamirian and Ghiasian was 40.6% and other results by Kachuei *et al*.; in Isfahan was 19.1%.\[[@ref1][@ref7]\] Similar results with results in Qazvin have been reported in Argantina\[[@ref24]\] and Tanzania.\[[@ref25]\] These results are more than what found in Patiala, India that is 8%.\[[@ref22]\] Isolation of *Nocardia* spp. from different zones of Isfahan, Iran and the effect of environmental factors such as soil pH and different climates were assayed *Nocardia* diversity in soil.\[[@ref1]\] Molecular techniques such as polymerase chain reaction and gene sequencing techniques are certain methods than phenotypic methods for isolation of *Nocardia* from soil. In further studies, we intend to do molecular tests according to *16S rDNA* sequencing, for precisely identification of *Nocardia* species. Our intention, in this study was a comparison of three phenotypic and DNA extraction methods for isolation and *Nocardia* spp.

There are several advantages and disadvantages about phenotypic methods that below is referred to: Paraffin baiting method has some of advantages, one of them is about paraffin it is as a sole carbon source for *Nocardia*,\[[@ref26]\] other advantage is broth media that it can be decrease the numbers of contamination species and recovery of aerobic *Actinomycetes*.\[[@ref26]\] Furthermore, this method has several disadvantages such as lack of incubator with two different temperatures in ordinary laboratory and cleaning of paraffin coated rods and tubes. Seeing of *Nocardia* weakly White colonies on the paraffin coated glass roads are difficult and they may lose. One of the benefits paraffin coated slides method is using 1 M NH~4~Cl to eliminate the soil microflora and this method other benefit is a reduction of time to isolate pathogenic strains of *Nocardia* from natural sources and *Nocardia brasiliensis*, *Nocardia asteroids* and *Nocardia caviae* strains have endurance to this salt (chemical inhibitors).\[[@ref12]\] Paraffin coated slide method has disadvantages and one of the disadvantages can be found hardly slides from soil\'s layers and other disadvantage are weather changes and salt. Salt may lost its effect after melting of paraffin. (However, in paraffin bait method salt added to broth media with 0.22 μ filter and no melting). Contamination with fungi and other microorganisms in soil is others eventually; we reach advantages and disadvantage of slip-buried method. Third method advantages are more selective than other methods because of antibiotics, It will remove more fungi because of cycloheximide and *Nocardia* grows well in BHI medium specially BHI agar with 5% human blood. Amount of antibiotics is important especially chloramphenicol, extra usage of this antibiotic, may inhibit the growth of some *Nocardia* species and it is a disadvantage of this method.

According to the DNA extraction techniques, which has been mentioned, because of cell wall mycolic acids of *Nocardia* microwave oven technique\[[@ref17]\] was better than others; for better result, microwave was adjusted to 540 W for suspension then it was put −20°C. As reports Butler *et al*. *Nocardia* species have mycolic acids of intermediate carbon chain length (C46-C60).\[[@ref27]\] According to the studies Amaro *et al*. on CTAB technique, the best result was not achieved for *Mycobacterium* by this technique\[[@ref19]\] because of mycolic acid carbons number in cell wall (C80). In present study, CTAB technique had no good result on *Nocardia*. Present study has suggestions for this technique such as boiling or microwave for breaking of *Nocardia* cell wall. We must mention that most of the *Nocardia* species are resistance to lysosyme and we must replace lysosyme with boiling or microwave in CTAB technique.\[[@ref11]\] Eventually, our suggestion for using of Fermentas kit is breaking the *Nocardia* cell wall by boiling or freeze and thaw method.\[[@ref28]\] One of the phenotypic errors for *Nocardia* isolation is false-positive because of resemblance *Nocardia* with other bacteria and fungi. In further studies, we must do molecular tests according to *16S rDNA* sequencing, for precisely identification of *Nocardia* species.\[[@ref13][@ref29][@ref30][@ref31]\]
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